Ribosomes and ribosomal subunits of Mycobacterium bovis (strain BCG) and M. smegmatis have been isolated and employed as skin test antigens in guinea pigs sensitized with homologous or heterologous organisms. Ribosomes and ribosomal subunits were found to be potent antigens for skin test purposes, and the 30S subunits were found to be more specific and active than the 50S subunits. 
Considerable effort has been expended to find specific antigens capable of provoking delayed skin reactions in subjects sensitized or infected with mycobacteria (15, 30) . Whole cells, cell walls, protoplasm, old tuberculin, purified protein derivative (PPD), and various protein and polypeptide fractions from the cells and cytoplasm have been isolated and shown to be active in provoking delayed reactions in sensitized hosts (1, 16, 31) . Kanai and Youmans (11) isolated intracellular particles from the H37Ra strain of Mycobacterium tuberculosis. These provoked delayed skin reactions in guinea pigs sensitized with viable, attenuated human tubercle bacilli, but were incapable of inducing delayed hypersensitivity in normal animals. Purified ribosomal preparations were found to confer resistance to infection with virulent tubercle bacilli when administered to mice, but failed to induce delayed sensitivity (39) .
From a structural and functional standpoint, recent investigations using Escherichia coli have shown (12, 32) that no ribosomal proteins are common to both 50 and 305 ribosomal subunits.
It has also been found that the ribosomal protein complement of various organisms is generally unique to each organism (19, 20, 22, 25) . It then becomes apparent that the ribosome is a possible source of specific antigens.
Since other groups have shown that ribosomes or ribosomal protein from various species are serologically specific (5-7, 26, 29) and attribute bacterial strain specificity to a few proteins found on the 30S subunit (17, 24) , it was thought that purified ribosomal subunits might prove to be specific and potent agents for provoking delayed skin reactions in sensitized animals. Therefore, purified ribosomal particles were prepared from M. bovis (strain BCG), M. smegmatis, and E. coli (MRE 600), and tested for their specificity and sensitivity as skin test antigens. The results of these studies indicated that ribosomes and ribosomal subunits of M. bovis and M. smegmatis are capable of provoking delayed skin reactions in previously sensitized guinea pigs. These preparations appear to be specific and sensitive agents.
MATERIALS AND Preparation of protoplasm. Mycobacteria grown on Sauton's medium and harvested by vacuum filtration were ruptured in distilled water with a Ribi cell fractionator (15) . The effluent was centrifuged at 27,000 X g for 1 hr to remove whole cells and cell walls, and the resulting supernatant fluid was subjected to two cycles of centrifugation at 27,000 X g for 1 hr each to remove additional cellular debris. The final supernatant fluid, called protoplasm, was lyophilized in a Vir-Tis freeze-dryer and stored at -20 C until needed.
Preparation of crude extract and ultracentrifuged, ribosome-free supernatant fluid. Crude extract (CE) from M. smegmatis was prepared in the same manner as protoplasm, except that distilled water was replaced with 70S buffer to preserve the integrity of the ribosomes. The supernatant fraction obtained from the first high-speed centrifugation was subsequently spun at 192,000 X g for 6 hr to remove all particulate ribosomal material. From each tube containing 38.5 ml, the top 3 ml of the supernatant fluid was carefully collected and designated as ultracentrifuged supernatant fraction (UCS). The UCS was filtered through a membrane filter (Millipore Corp.; 0.5 ,um pore size) prior to use.
Chemical and physical analysis of ribosomes. Protein determinations were aceomplished by the method of Lowry et al. (18), with crystalline bovine serum albumin (Protein Standard Solutions, Armour Pharmaceutical Co.) as the standard. Total hexose was determined by the method of Dubois et al. (4) . Ribonucleic acid (RNA) content was quantitated spectrophometrically by the orcinal test (3) for RNA. Spectrophometric analysis at a 260/280 nm ratio, which gives a rough index of purity (33), was employed to evaluate possible contamination of ribosomes with membrane. The 260-nm reading was used with extinction coefficient, E;60 nm = 145 (8) , to determine ribosome concentration. Dry weights were obtained with a Cahn model G electrobalance after vacuum drying for 6 hr at 100 C. Selected ribosomal preparations were examined through a Siemens electron microscope at X40,000 magnification to check the purity of the ribosomal preparations. The method of Huxley and Zubay (10) was followed, and both positive and negative stains were employed.
Sensitizaton of test animals. Groups of guinea pigswere injected subcutaneously in the right inguinal region with 125 viable units of either strain BCG or Vallee. Other groups received 100 ,ug of either viable M. smegmatis or E. coli cells, contained in 0.2 ml of incomplete Freund's adjuvant, and injected into each hind footpad.
Delayed reactions. Skin tests were performed by intradermal injection of serial twofold dilutions of antigen contained in 0.1 ml saline. The quantity of antigen injected ranged from 1.0 to 0.062 pAg (dry weight). In addition, some of the animals were tested with 10-pAg amounts of antigen. The reactions were observed at 4 and 24 hr. No measurable lesions were detected at 4 hr. Two right-angle diameters of the lesions were measured at 24 hr, and the thickness was determined with a Schnelltester. The volumes of the VOL. 6, 1972 lesions were calculated (37) , and only those lesions having a volume of 15 mm3 (10 by 10 by 0.4 mm) were considered to be positive. The formula for this calculation is length times width times M_9 thickness times 0.75.
Histology. Guinea pigs sensitized with either strain BCG or M. smegmatis were injected intradermally with 1.0 MAg of protoplasm, 70S ribosomes, 50S ribosomal subunits, and 30S ribosomal subunits from both organisms. At 6 and 24 hr after injection, individual animals were sacrificed, and the lesions were excised and fixed. Paraffin sections (5 ,um) were stained with hematoxylin and eosin and examined with a microscope.
RESULTS
Specificity of 70S ribosomes. The ribosomes and ribosomal subunits used for skin testing were obtained by pooling the fractions collected from centrifuged sucrose gradients ( Fig. 1 and 2 Fig. 3 show that positive skin test activity is largely restricted to the areas in which 50 and 30S ribosomal subunits Table 4 . The UCS was tested in volumes equivalent to those of the CE from which it was derived, and also in dry weights equivalent to those of CE. Crude extract was tested in dry weight amounts.
Chemical and physical analysis of ribosomes. A semiquantitative assay to measure membrane contamination by using the spectrophometric 260/280 nm ratio was chosen. With this test (33), a ratio of about 1.6 indicates a high concentration of membranous material associated with the ribosomes. When the ratio surpasses 2.0, the RNA content increases to more than 80%, indicating loss of protein. In our studies, crude ribosome 260/280 nm ratios were averaged about 1.8, whereas DOC-treated 50-30S ribosomal pools had ratios averaging about 1.9.
The RNA to protein ratios were found to be generally 55/45 (±2) from crude ribosomes from both mycobacteria, whereas the ribosomal subunits from both mycobacteria in general gave ratios of 62/38 (i2).
Electron microscope examination of selected ribosomal preparations from both mycobacteria was made employing magnifications up to x 40,000. Both negative and positive staining were employed. Examination of ribosomal preparations revealed individual ribosomes, but no membranous structures.
Svedburg values corrected to S2o, were obtained from strain BCG and M. smegmatis 50-30S ribosomal pools. These ribosomal preparations were placed in a 4 C single-sector KEL-F cell at a concentration of 60 to 90 A260 units, centrifuged in a Spinco model E analytical ultracentrifuge equipped with schlieren optics. The peaks were measured on a Nikon 6-C microcomparator. These data gave ranges of 43.7 to 48.5S for 50S ribosomal subunits and ranges of 24.1 to 25.9S for 30S subunits. When the concentration was considered, it was concluded that these subunits were within the range of normal values obtained for 50 and 30S ribosomal subunits.
The membrane-bound ribosomes from myco-VOL. 6, 1972 on October 20, 2017 by guest http://iai.asm.org/ Downloaded from The results of our studies were dependent .itially upon preliminary studies involving isolation and purification of ribosomes from E. coli. Upon isolation of 70S ribosomes from E. coli, tests were performed to determine whether delayed reactions could be obtained by injection of these into guinea pigs sensitized with live organisms. It was found that although specific delayed reactions developed, large amounts of antigen were required. DISCUSSION These studies demonstrate that purified ribosomes of mycobacteria are capable of provoking specific delayed skin reactions in sensitized pigs. The reactions produced are typical delayed reactions, as judged by the time of development, gross characteristics, and histological appearance. Further studies (unpublished data) demonstrate that certain in vitro correlates of delayed hypersensitivity may be manifested by ribosomal preparations. These correlates include macrophage migration inhibition and skin-reactive factors.
As far as we can determine, relatively little work has been done employing specific ribosomal elements as skin test antigens. In their early work, Kanai and Youmans (11) isolated intracellular particles from M. tuberculosis and showed that they were skin test antigens. Worcel et al. (38) raised the question of the presence of cellular debris in such preparations. Youmans (21) should be encountered. These data, together with those obtained by electron microscopy, absorbancy at 260/280 nm, and the ratio of protein/RNA content lead to the conclusion that the skin test activity of ribosomes and ribosomal subunits is due to the particles themselves, and not to adsorbed proteins or polypeptides, or to bacterial membranes. In this regard, it should be noted that when RNA from either strain BCG protoplasm or BCG crude ribosomes was obtained by the cold phenol method and subsequently skin-tested, the RNA failed to provoke a delayed hypersensitivity response in properly sensitized guinea pigs (unpublished data).
The amount of antigen required to provoke delayed responses in sensitized animals is about the same for ribosomes and protoplasm. The latter is as effective as PPD in this respect (14) . The degree of specificity of ribosomes is at least equal to that of protoplasm. The results of these studies agree with those results previously obtained from rabbits sensitized with either M. bovis or M. smegmatis (strain butyricum) and tested with homologous and heterologous protoplasm (15) . Since the potency, as well as the specificity of protoplasm is similar to that of ribosomes, it might be attributed to the presence of ribosomal components in the protoplasm. To test this possibility directly, ribosome-free protoplasm is required. As described, protoplasm is derived by rupturing mycobacteria in distilled water (16) which is disruptive to ribosomes. CE is considered to be the equivalent of protoplasm of cells ruptured in magnesium buffer (8) and was therefore used. When CE is centrifuged, a ribosome-free preparation (UCS) and a pellet are obtained. If the pellet is suspended in a volume of saline equal to the UCS removed and equal volumes of CE and UCS are used as skin test antigens, the former is found to contain more antigen than the latter, indicating that a considerable portion of the antigen was removed in the ribosomal fractions. When tested on a dry weight basis, however, both UCS and CE are equally potent. The soluble agents capable of provoking delayed-type reactions which remain in solution may include some of those separated by Beams et al. (1) .
In regard to the last point, Dice and Schimke (2) found that in a eukaryotic system, as much as 17% of the total soluble protein may be of ribosomal origin. The extent to which this applies to prokaryotic cells is unclear. However, Kurland et al. (13) have demonstrated in vitro with prokaryotic cells that there is an exchange of free ribosomal protein with proteins of the intact 30S ribosomal subunits, and currently favor the idea of a steady-state exchange. Santer et al. (28) demonstrated a ribosomal protein pool consisting of about 3 to4%O of the total soluble protein of the cell and have verified that one protein of the E. coli 50S ribosomal subunit is present in the cell-free supernatant fluid.
The results of this study also demonstrate that 30S subunits from strain BCG display greater potency than either 50S ribosomal subunits or 70S ribosomes. These ribosomal particles also display considerable specificity in their activity. Since the protein moieties of the ribosomal subunits isolated from various bacteria have been shown to differ (24) , it is possible that individual proteins isolated from the ribosomal subunits of mycobacteria might yield a potent and specific skin test antigen. Such attempts have recently been reported (23) , with ribosomal proteins from strain BCG, and further work is presently in progress in this laboratory.
